Purpose. Periprosthetic joint infection (PJI) is a devastating complication that leads to enormous economic and health care complaints from affected patients. The aim of this study is to identify the causative pathogens responsible for PJI, evaluate temporal trends concerning the pathogen pattern and identify potential risk factors for PJI.
INTRODUCTION
Total hip and knee arthroplasty (THA, TKA) are safe and extensively investigated procedures with excellent mid-to long-term clinical results. Recently, the numbers of elective endoprosthetics as well as secondary revision surgery have continuously increased in Germany and the USA [1] . Periprosthetic joint infection (PJI) subsequent to THA or TKA is a devastating complication with infection rates varying from 0.5 to 2.0 % [2] [3] [4] . The incidence of reinfection after successful treatment of PJI is markedly higher compared to that of primary implanted hip prostheses. According to the literature available, the reinfection rate after PJI is up to 14 % [5] , considerably higher in some cases, e.g., in mega-prostheses [6, 7] . This high reinfection rate leads to drastic economic and health care complaints from patients, often necessitating repetitive surgery. Furthermore, patient's quality of life is impacted by the remaining impaired range of motion.
There are several risk factors for PJI, for example, previous joint arthroplasty, systemic malignancy, and postoperative surgical site infection [8] . Further potential risk factors are high age (65-75 years), diabetes mellitus and obesity (bodymassindex (BMI) >28) [8, 9] .
Study objective
The aim of this study is to identify the causative microorganisms responsible for deep infections following total hip and knee arthroplasty at our institution between 2003 and 2011 and to evaluate the temporal trends of the pathogen type and their antimicrobial susceptibility. In some cases, the infectious cause could not been identified, either due to the inability to culture bacteria of the specimen derived (joint fluid, tissue samples) or because of previous antibiotic treatment. Overall, microbiological detection succeeds in approximately 40 to 60 % of cases [10] . If the infectious cause remains unknown, epidemiologic data of PJIs may be helpful in guiding the orthopedic surgeon and infectious disease specialist in the most effective empiric antibiotic treatment for the infectious organisms [2] .
METHODS
The present study is a retrospective analysis of 937 patients suffering periprosthetic infections of the hip or knee joint. The guidelines proposed by Hozack et al. [11] and the workgroup convened by the Musculoskeletal Infection Society [12] were used to diagnose periprosthetic joint infections.
Patients treated by a single-or two-stage revision and conservatively treated cases with stable fistula were considered for analysis. Furthermore, patients suffering an infection of their primary prosthesis, as well as cases of reinfection, were enrolled in this trial. During study period, the operative and antibiotic treatment algorithm were not changed.
Data collection
PJI patients were considered eligible if complete datasets consisting of age, height, weight, comorbidities and medical reports, operative reports and microbiological culture results were available. However, cases with negative microbiological cultures were also included if the patient's medical chart and clinical course raised the suspicion of PJI.
Data were assessed by searching the microbiological database for the pathogens detected. Detection was performed either preoperatively or intraoperatively by aspiration of the affected joint. In cases of polymicrobial infection, each pathogen was recorded separately without an order of precedence or determination of the leading organism/species. Therefore, the total number of assessed pathogens exceeded the number of cases. The incidence of pathogens is reported as the number of pathogens per total number of cases.
Analysis
Basic demographic data and differences between PJI of THA and TKA as a function of each microorganism were compared by the chi-square test. Normally distributed variables were analysed using the two-tailed t-test. Non-normal variables were analysed with the Mann-Whitney U-test. The trend for each pathogen over the study period was determined by a regression model (regression coefficient B with 95 % confidence interval). Statistical significance was determined with a 0.05 and b 0.2.
RESULTS
Over the nine-year study period, 394 cases (42.0 %) of TKA, 477 cases (50.9 %) of THA and 64 patients (6.8 %) who received a dual-head prosthesis were treated for PJI. In two cases (0.2 %), a simultaneous infection of the TKA and THA occurred.
Demographic data
Examining all 937 patients, the mean age was 70.85 ±11.68 years.
A total of 510 (54.4 %) patients were female, and 427 (45.6 %) were male. The average hospital stay was 29.02 ±23.35 days. The length of intensive or intermediate care unit treatment was 2.82±8.21 days. The median BMI was 28.53±5.7, which according to the definition, is pre-obesity. Table 1 shows the Charlson score distribution as a parameter of the patient's general health status: nearly 80 % of the study population were given grade 3 or 4, which demonstrates the high rate of multimorbid patients with PJI.
The mean time interval between implantation and diagnosed infection was 32.71±46.63 months. Seventy-six cases (8.1 %) were classified as early infections (<1 month), while 697 cases (74.4 %) were categorised as late infections (>1 month). In 164 cases (17.5 %) , no information about the date of implantation of the prosthesis could be obtained from the database; 36.5 % were infections of a revision prosthesis. Thus, the majority of cases, 63.5 %, were infections of a primary endoprosthesis. Tables 2 and 3 show the spectrum of pathogens for THA, TKA and dual-head prosthesis and the differentiations during the study course. Pathogen spectrum of infected primary vs. revision endoprosthesis Table 4 provides the distribution pattern of various pathogens in primary and revision THA/TKA as well as dualhead prostheses. MRSE was significantly more common in the group of revision endoprostheses (P<0.05) compared to primary prostheses.
Analysis of the microbiological pathogens

DISCUSSION
Demographic data PJI remains a serious and devastating complication of endoprosthetic joint replacement, leading to expensive and lengthy treatments. Despite the routine use of peri-operative antibiotics, antibiotic prophylaxis of dental procedures and modern medical care, the overall incidence of periprosthetic joint infection remains approximately 0.3-1.7 % for TKA and 0.8-1.9 % for THA [2, 13] . Against the background of an aging population with an expected increase in THA and TKA implants, as seen in recent years in Germany and the USA [1] , the incidence of PJI will continuously increase [14] , so that new therapeutic approaches and further clinical studies are required.
The demographic data of our study population shows the described typical risk profile for PJI with a high age (70.85 ±11.68 years), high BMI (28.53±5.7) and a high percentage of multimorbid patients (about 80 % Charlson grade 3 and 4) [8, 9] . Thus, the demographics of these patients demonstrate the apparent concomitant difficulties in the treatment of PJI.
Spectrum of pathogens and high-resistance pathogens In this study, MSSA, MRSE, MRSA, CoNS, Streptococcus, and Enterococcus were responsible for most of the periprosthetic infections, which is in line with the current literature available [2, 6, [15] [16] [17] [18] . Gram-negative pathogens were also detected. Higher-resistance MRSA and MRSE were the second and third most frequent infections found in this trial, which is also in accord with recent publications [2, 15, 17, 19] . The higher-resistance species, MRSE, ESBL, ampicillinresistant Enterococcus, Acinetobacter spp. and VRE, increased in incidence during the study period. By contrast, MRSA showed a declining incidence in a regression model. Few studies have compared the changes in the occurrence of these higher-resistance pathogens, which is a strong point of this study.
Significant differences in the differentiation of the pathogen spectrum between THA, TKA and dual-head prostheses refer to MRSA and MRSE (P<0.05). Between early and late infections ampicillin-susceptible Enterococcus faecalis was significantly more common in the group of early infections (P<0.05). Differences between primary and revision The reported bacterial pattern of Aggarwal et al. [15] for the Endo Clinic Hamburg and Rothman Institute also show many similarities to that assessed in the current study: The incidence of CoNS was 39.3 % at the Endo Clinic Hamburg compared to our finding of over 30 % for CoNS. The incidence rates (Endo Clinic vs. our trial) for ampicillinsusceptible Enterococcus faecalis (7.0 % vs. 10.1 %), Streptococcus (6.5 % vs. 8.0 %) and MRSA (12.8 % vs. 11.4 %) are comparable. Our incidence of MSSA, 28.5 %, is similar to the results of the Rothman Institute (31 %), but higher than the 13 % found at the Endo Clinic. However, detection of a polymicrobial infection was much more frequent in our study (23.6 %) compared to the Rothman (7.4 %) and Endo clinic results (3.4 %) [15] .
Over 80 % of the present study population was classified as Charlson 3 or 4, leading to the presumption that multimorbidity correlates strongly to polymicrobial infections. Another possible explanation may be the high rate of revision endoprostheses (222 cases) [6] . Furthermore Ascherl described in his review [6] significantly increased rates of reinfections or infections caused by multiresistant pathogens in patients who received megaprotheses compared to primary endoprostheses. In our results only MRSE showed a significantly higher occurrence in revision endoprostheses. Nevertheless, the assessed data show a trend towards a slightly increased occurrence of further higher-resistance pathogens (e.g. Enterococcus, Enterobacteriaceae, ampicillin-resistant Enterococcus, VRE, ESBL, Acinetobacter) in revision endoprostheses.
According to our data, MRSE is currently one of the leading causes and problems of PJI with a high incidence and high rate of persistent infections [6, 19] . This emphasises the future challenges concerning their treatment, for example, the need for perioperative extended antibiotic prophylaxis with vancomycin [18] , which leads to various problems, such as renal failure, in the clinical treatment of patients with renal insufficiency. Higher rates of vancomycin use were also probably associated with the increased prevalence of VRE [20] .
In case the infectious cause or bacterial pattern remains unknown, epidemiologic data are valuable for choosing a calculated antibiotic treatment. However, physicians should be aware of difficult-to-treat pathogens being on the rise and their often challenging antimicrobial susceptibility [21, 22] .
Limitations
This study has some limitations. The retrospective design introduced bias into the study. Since the incidence of PJI is relatively low, a long study period was necessary to obtain a large patient group. As all patients with PJI of the hip or knee were included in this analysis, even those who were transferred from another hospital, it is not possible to calculate a general incidence of PJI at our institution. However, the large number of patients as well the good correlation to the available literature may allow for reliable conclusions concerning the general antimicrobial susceptibility of pathogens that cause PJI. The concomitant diseases gathered on the basis of the patient records and physician letters may not be complete due to the quality of the entries; no additional review of the entries on comorbidities was carried out.
Another limiting aspect may be the fact that analysing a pathogen's pattern of infection may include contaminants (skin flora) due to the method of assessment (e.g., punction), which is, however, applicable to all studies investigating infectious agents. All pathogens detected through punction or periprosthetic tissue samples were indicated as causative pathogens. No separate evaluation of the antimicrobial susceptibility (resistograms) was conducted, so no specific determination of difficult-to-treat pathogens could be carried out [21, 22] . Sonication of the removed implant components was not available at our institution at the time of data collection, so low-grade infections might not have been detected [23] [24] [25] .
Nevertheless, a strength of this analysis is the large number of PJI patients, from which representative data concerning the distribution of pathogens have been obtained. Thus, this study provides valid empirical results on PJI of hip and knee joints over a large period of time at a designated center for septic surgery.
Conclusion
The analysed PJI cohort showed a characteristic risk profile with, in particular, many accompanying diseases (e.g. diabetes, cardiac and renal insufficiency), high age and obesity.
The microbiological pattern as well as the elaborated problem of multiresistant bacteria largely agreed with the literature available. However, the relatively low incidence of MRSA found in our study stands in contrast to the increasing incidence described by American researchers. The evaluation of antimicrobial susceptibility is an interesting option for further studies to detect difficult-to-treat pathogens.
